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ABSTRACT
Rainwater harvesting (RWH) feels right from a long term sustainability perspective.  Short-cutting the hydro-
logical cycle seems to make logical sense from an environmental stance, and the technique is being driven 
into new buildings in the United Kingdom (UK) through building rating systems which are in turn pushed 
by government policy.  However, little work has been done to assess its environmental credentials from a 
whole life perspective.  Controversially, those studies that have been done have found that RWH systems 
tend to have greater environmental impacts than mains supply infrastructure.  This work seeks to investi-
gate the latest studies, and provide a way forward in the debate.
,1752'8&7,21
The underlying motivation for the use of rainwater harvesting (RWH) systems in the United Kingdom (UK) 
stems from water stress.  Although commonly considered a rainy country, its water resources are under 
stress from a combination of factors (EA 2008):
 Population growth leading to growth in overall water demand
 Increasing per person water demand (due in part to decreasing household sizes)
 Population distribution and internal migration into areas with pressured water resources and distribution 
infrastructure
 Increasing seasonal weather variability due to climate change straining existing water management 
IDFLOLWLHVDOVROHDGLQJWRÀRRGLQJDQGVXUIDFHZDWHUPDQDJHPHQWLVVXHV
In response to this, various demand reduction initiatives have been taken, and in particular the building 
LQGXVWU\KDVFRPHXQGHUSUHVVXUHWRIDFLOLWDWHORZHUZDWHUXVHLQEXLOGLQJVWKURXJKVSHFL¿FDWLRQRIPRUHHI-
¿FLHQW¿[WXUHVDQGDOWHUQDWLYHV\VWHPV7KLVLVODUJHO\EHLQJGULYHQE\OHJLVODWLRQDQGFKDQJHVWRWKH%XLOG-
ing Regulations (HM Government 2002, 2010).  In the UK all new houses must be rated under the Code for 
Sustainable Homes (CLG 2008).  This is a national standard for the sustainable design and construction of 
new homes.  Non-domestic buildings are rated using the Building Research Establishment Environmental 
Assessment Method (BREEAM 2009) although it is not currently mandatory.  Within these rating systems 
the water component focuses on reducing per-person demand based on a range of assumptions about 
occupants water use.  To achieve higher level ratings (Code levels 5 and 6, or BREEAM Excellent), the re-
TXLUHGUHGXFWLRQVLQSRWDEOHZDWHUXVHFDQQRWVHQVLEO\EHDFKLHYHGWKURXJKZDWHUHI¿FLHQF\DORQHZLWKRXW
drastic lifestyle change.  In addition a recent study showed that a number of technical water savings meas-
ures may be ineffective in tackling water shortages as they may be easily overcome or simply removed in 
favour of more desirable appliances (AECB 2009). 
This has all led to increasing interest in the use of alternative sources of water for lower grade uses such as 
WRLOHWÀXVKLQJDQGLUULJDWLRQ:LWKLWVUHODWLYHO\VLPSOHV\VWHPGHVLJQDQGHDVHRIXQGHUVWDQGLQJUDLQZDWHU
harvesting (RWH) has proved a popular option.  In response, the UK market for RWH has grown rapidly, 
from around £1M to £10M in the past 7 years (Johnen 2010).  It is also one of the few technologies that can 
reduce consumption of mains water with a low impact on the lifestyle of the buildings occupants.  
Alongside this, the UK has an ever pressing carbon agenda.  The Government has various targets to re-
duce carbon emissions (HM Government 2009), and as the deadlines approach there is increasing urgency 
to seek low carbon solutions in all aspects of current practice.  RWH has become intrinsically connected 
with the idea of a low carbon or green building, and there is work being done on how best policy can sup-
port its wider implementation (Partzsch 2009).
+RZHYHUDIWHUDQLQLWLDOSHULRGRIHQWKXVLDVPWKHUHLVQRZUHÀHFWLRQJRLQJRQDPRQJVWVRPHVWDNHKROGHUV
and the technique is starting to be questioned.  Not regarding technical system performance, or captured 
water quality as it has in the past (Mustow et al. 1997, Fewkes 1999, Leggett et al. 2001), but to fundamen-
WDOO\TXHVWLRQWKHHQYLURQPHQWDOEHQH¿WJLYHQWKHZLGHVDIHDQGUHOLDEOHFRYHUDJHRIWKHµPDLQV¶ZDWHU
supply infrastructure in the UK.   The most notable work is that supported by the Environment Agency (Ref-
fold et al. 2008, Clarke et al. 2009, Parkes et al. 2010).  All of these studies showed rainwater harvesting to 
have a larger carbon footprint (and by implication, worse environmental impact) than the business-as-usual 
case of connecting to the mains network.  This is somewhat controversial given the current momentum 
behind the popularity of RWH.  There is also a certain shock factor that a technology long associated with 
HQYLURQPHQWDOEHQH¿WPD\DFWXDOO\EHGHWULPHQWDOLQWHUPVRIFDUERQ7KDWLWZDVGHVLJQHGWRVDYHZDWHU
not carbon is often overlooked.
In terms of its water saving effects, Coombes (2002) has shown that widespread adoption of domestic-level 
UDLQZDWHUKDUYHVWLQJLQWKH$XVWUDOLDFDQUHGXFHZDWHUGHPDQGLQDFDWFKPHQWE\DVLJQL¿FDQWDPRXQW
Some early-stage monte-carlo simulations of medium and high-density housing under South-Coastal rain-
fall conditions carried out at the University of Portsmouth, indicate similar potential savings may be achiev-
able in the UK context.  
BASIS FOR COMPARISONS  
In trying to structure these arguments for and against RWH in terms of its environmental impact, there are 
several approaches that can be taken.  Commonly the technique is compared with the business as usual 
case of the mains water supply infrastructure.  This puts RWH immediately at a disadvantage as the com-
parison is then made of the CAPEX and OPEX of RWH against just the OPEX of the mains.  A fairer as-
sessment would be to consider RWH as a technology not to replace a portion of the mains supply, but as 
an alternative to augmentation, that is, delaying or eliminating the need to enlarge the traditional supply with 
approaches such as reservoir construction or desalination For reference the following outlines the key work 
used as a base for this study: 
Table 1: Comparison of reference sources
Reference
Catchment 
area/ m2
Building 
Population
Main supply energy/ 
kWh/ m3
Pumping energy/ 
kWh/ m3
Tank information
Size/ 
m3 
Size 
based on
Material
Parkes et al. (2010) 45 3 people 0.56 (UK) 1.5 for direct feed, 
1 for header tank
1.5 5% rule PE
Parkes et al. (2010) 60 4 people 0.56 (UK) 2 5% rule PE
Thornton (2008) 3100
2630 pupils 
(inc staff)
0.56 (UK) 0.4 2.7 - GRP
Reffold et al. (2008) - 36 people 0.56 (UK) 3 1.95 - MDPE
Hallmann (2003) 220 3 people 0.1 (Melbourne) 0.6 2.25 - LLDPE
Crettaz (1999) 100
2 x 4 person 
family
0.35 (Switzerland) 0.09 10 16 days PE
7KLVLVDQHPHUJLQJ¿HOGDQGOLWWOHKDVEHHQGRQHLQWHUPVRIZKROHOLIHDVVHVVPHQWRI5:+V\VWHPVLQWKH
UK context.  This means that by necessity assumptions are being made with little data to support them.  
These coarse system assumptions are then being used in otherwise well thought out and rigorous LCA 
based work.
Similarly, with the work which has been done in this area, care has to be taken over what the original brief 
ZDV6SHFL¿FDOO\WKHZRUNGRQHE\WKH(QYLURQPHQW$JHQF\3DUNHVHWDOLVORRNLQJDWVFHQDULRV
based on current practice and the application of current British Standards (BSI 2009).  It is looking at exist-
LQJV\VWHPFRQ¿JXUDWLRQVDQGGHVLJQZLWKVHQVLWLYLW\DQDO\VHVEHLQJGRQHRQYDULRXVVFHQDULRVHJRI
GHPDQGYDULDWLRQEXWQRWKLJKO\LQÀXHQWLDOGHVLJQYDULDEOHVVXFKDVSXPSLQJHQHUJ\UHTXLUHPHQW7KH\
DUHQRWWU\LQJWREHGHVLJQJXLGHVDQGWKLVKDVSHUSHWXDWHGWKHJDSVLQDQDO\VLVRIV\VWHPFRQ¿JXUDWLRQV
pump sizing, material selection and so on.    
MODELLING
,QRUGHUWRVWDUW¿OOLQJWKLVJDSLQDQDO\VLVDQRSWLPDOVFHQDULRZDVPRGHOOHGWRDVFHUWDLQKRZDEHVWSUDF-
tice solution might perform.  Components other than the tank were optimised to reduce their carbon emis-
sions, based on emerging industry best practice.  Then a possible lower range of pumping energy was 
investigated using information from new pumps on the market and by better matching size and load.  Tank 
sizing was explored using only polyethylene (PE) tanks, as previous work has shown that GRP and con-
crete versions are generally more impactful from an environmental perspective.  Finally the mains emis-
sions were varied to simulate the range between current and potential future practice for water supply.
 2SWLPLVLQJUDLQZDWHUKDUYHVWLQJIRUHPLVVLRQVUHGXFWLRQ±KRZJRRGFDQLWEH"
Taking as starting point the latest work by the Environment Agency (Parkes et al. 2010), the systems mod-
elled in the report were optimised to reduce the installed embodied CO2 as far as possible.  The scenario 
of a domestic system for a 3 bedroom home was used, and both direct feed and header tank options were 
analysed.
Figure 1 Optimisation of installed component embodied CO2
 
This showed that the emissions associated with the non-tank components could be reduced by 66% in the 
FDVHRIDGLUHFWIHHGV\VWHPDQGE\ZLWKDKHDGHUWDQNFRQ¿JXUDWLRQ7KLVZDVDFKLHYHGWKURXJK
UDWLRQDOLVLQJSLSHOD\RXWVPDWFKLQJSXPSVSHFL¿FDWLRQWRORDGDQGVHOHFWLQJQHZOLJKWZHLJKWSXPSVDQG
associated technologies.   A surprising outcome from the EA report is that non-tank embodied CO2 forms 
a large part of the total embodied CO2, indeed when a small polyethylene tank is used, it can account for 
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over 80% of the total embodied CO2. In a domestic setting this carbon was shown to completely offset the 
carbon savings from water conservation. 
To investigate the sensitivity of the cradle to site emissions to design variables, the design assumptions 
covered by the EA 2010 report were altered for the cases of a house and a school.  The changes in as-
sumptions are shown in Table 2:
Table 2 Explanation of assumption changes from EA 2010 report
The climate considered was the medium rainfall scenario used in the EA report (890mm/yr), yields were 
calculated using the formula developed by Fewkes and Warm (2000) and for comparability the non potable 
demands where also those used in the EA report (Parkes et al. 2010).
Results reported in the graphs below (Figures 2a and 2b) show lines separated into emissions saved 
through water saving, embodied emissions for the tank and non-tank components, and the operational 
emissions.  A line representing the cumulative emissions (ie total carbon generated or saved) is indicated 
E\WKHWKLFNHUµ7RWDO¶OLQH)RUHDFKVFHQDULRDVSHFL¿FNJ&2SHUPZDVDOVRJHQHUDWHGRYHUD\UOLIH
Aspect Comments Numbers
Non-Tank Embodied 
Emissions
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ŝŶŐƌĞƋƵŝƌĞŵĞŶƚĂŶĚƚŚĞĐŽŶƐŝƐƚĞŶƚŶĞĞĚƐĂƌĞĂŵĞŶĂďůĞƚŽƌĂƟŽŶĂů
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Emissions
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Figure 2a Optimising Domestic System for Carbon Emissions
Figure 2b Optimising School System for Carbon Emissions
 
A clear optimum tank capacity emerges either on total CO2 saved or on CO2 saved per cubic meter de-
livered.  This optimum is not sensitive to pumping energy (for reference the capacity suggested by the 
industry rule of thumb of sizing tanks based on the smaller of 5% of the yield or demand is also shown).  
The height of the optimum shows the best case which will give the greatest carbon savings when pump-
ing energy is low and alternative emissions are high, or the least bad case when pumping energy is high 
and other alternatives have low emissions.  The potential for carbon saving is highly sensitive to pumping 
energy, with an increase of 0.3kWh/m3 determining whether the system modelled is carbon negative or 
carbon positive at the optima.  
 5DLQZDWHUKDUYHVWLQJYVRWKHUZDWHUUHGXFWLRQDQGDXJPHQWDWLRQPHDVXUHV±KRZEDGGR
WKLQJVKDYHWRJHWEHIRUH5:+LVZRUWKLW"
This analysis compares RWH to the desalinated water supply from a new Thames Water facility at Beckton, 
UK to compare against a worst-case scenario.  Currently state-of-the art seawater desalination requires 3-4 
kW/m3. A new plant being built at Beckton, near London will use reverse osmosis to desalinate brackish 
water from the ebb tide in the Thames estuary.  Estimates of its energy use vary, however it is likely to need 
in the order of 2 kWh/m3 before distribution (Pilkington 2010).  
Figure 3a Household Graph
Figure 3b School Graph
,QWKLVFDVHGXHWRWKHYHU\IDYRXUDEOHHPLVVLRQVVDYLQJWKURXJKZDWHUVDYLQJLWLVGLI¿FXOWIRU5:+QRWWR
EHDPRUHFDUERQEHQH¿FLDORSWLRQWRDGHVDOLQDWHGVXSSO\$JDLQDFOHDURSWLPXPWDQNFDSDFLW\HPHUJHV
either on total CO2 saved or on CO2 saved per cubic meter delivered, which is not sensitive to assump-
tions of how energy intensive alternative supplies of water may be.
&21&/86,216
Water and energy are intrinsically linked.  Energy is effectively used to make water through treatment 
works, and then transport it to our homes for direct use and heating.  Carbon is a key factor in current politi-
cal and environmental discussions, and it is a convenient indicator in a sound-bite world, but caution must 
be used that it doesnt dominate discussions to the detriment of other key issues.  Fundamentally there is 
QRZDGULYHWRUHGXFHZDWHUVWUHVVERWKVFDUFLW\DQGÀRRGULVNDQGFDUERQVWUHVVWKURXJKHPLVVLRQVUH-
GXFWLRQ7KHLPSRUWDQWTXHVWLRQLVKRZDQGWRZKDWH[WHQWGR5:+V\VWHPVLQÀXHQFHWKHVHWZRDVSHFWV"
7KLVZRUNKDVIRXQGWKDWE\RSWLPLVLQJV\VWHPVDSSURSULDWHO\5:+FDQEHRIFDUERQµEHQH¿W¶DOWKRXJKZLWK
current practice it is not a foregone conclusion, and indeed it is likely to perform badly.
$WWKLVSRLQWLWLVLQWHUHVWLQJWRQRWHWKHUHDOPDJQLWXGHRIWKHVH¿QGLQJV)URPDEURDGHUYLHZSRLQWWKH
DEVROXWHLPSDFWVDUHQ¶WYHU\VLJQL¿FDQW(YHQDQXQRSWLPLVHGV\VWHPFXUUHQWO\DYDLODEOHKDVOLIHWLPH
\HDUHPLVVLRQVHTXLYDOHQWWRDKUDHURSODQHÀLJKW
Figure 4: Whole life emissions comparison 
This work has also highlighted the persistent need for increased quantity and quality of data.  This will allow 
deeper analysis and enable studies to consider, for example, the disposal or the end of life phase, an area 
few reports have included.
Finally, commonly accepted notions of design should be challenged.  Many aspects of current practice 
PDNH5:+QRWEHQH¿FLDOIURPDQHQYLURQPHQWDOSHUVSHFWLYHEXWWKH\FDQEHFKDQJHG)RUH[DPSOHFDV-
ing a GRP tank in concrete is clearly nonsense from an environmental impact perspective when alterna-
tives are available.  Suppliers have been known to provide the same pump for direct feed or header tank 
systems, purely for reasons of limited stock space in their warehouse, resulting in poorly matched pumps 
with the associated negative effect on the whole systems carbon emissions.  Rainwater tanks have previ-
RXVO\EHHQLGHQWL¿HGDVEHLQJIUHTXHQWO\RYHUVL]HG5RHEXFNDQG$VKOH\:DUGHWDODQGWKH
persistence of sizing capacity based on the 5% and 18 day rule needs to be reviewed.
air travel: 250kgCO2e/hour
3.5hr ight
equivalent to 2050miles of driving
medium size car: 430kgCO2/mi
one years savings from double glazing
3 bed gas heated house: 720kgCO2/yr saved through double glazing
Domestic rainwater system 
with header tank
882 kgCO2e 
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